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 A number of field studies have indicated that 
two of the most abounded components of 
atmospheric particles are ammonium and sulphate 
ions at different mixing ratios. They are especially 
abundant in nanoaprticles following nucleation 
events. Ammoniated sulphates are seen to form in the 
atmosphere due to the reaction of ammonia with 
sulphuric acid, the precursors of which are the result 
of both natural and anthropogenic sources such as 
fossil fuel combustion, volcanic emissions and 
marine phytoplankton. In the process of growth of 
these nanoparticles to optically active sizes particle 
hygroscopicity plays a very important role. 
 Due to a relatively large contribution of the 
surface term to the free energy of nanoparticles their 
hygroscopic behaviour can significantly differ 
compared to larger particles. For example the 
hygroscopic growth factor of sodium chloride (NaCl) 
nanoparticles at a given RH decreases with 
decreasing particle size (below 40nm) due to the 
Kelvin effect. Also, the deliquescence relative 
humidity (DRH) and efflorescence relative humidity 
(ERH) of NaCl nanoparticles are both observed to 
increase with decreasing particle size below 30-
40nm. In short, this is also due to the Kelvin effect 
(Hämeri et al. 2001; Biskos et al. 2006a).  
 It may be expected that a similar increase in 
DRH and ERH with decreasing particle size would 
also be observed for ammonium sulphate 
((NH4)2SO4) nanoparticles. Indeed it is theoretically 
predicted the DRH of (NH4)2SO4 nanoparticles will 
increase with decreasing particle size. Also a model 
incorporating classical homogenous nucleation 
theory verified that the Kelvin effect would cause the 
ERH of (NH4)2SO4 nanoparticles (<30nm) to 
increase (Gao et al., 2006). This model was in good 
agreement with experimental measurements of large 
particles. A partially successful attempt was also 
made by the authors to validate this model in the 
nanosize regime. However their ERH measurements 
had a large uncertainty. Furthermore, more accurate 
measurements conducted by Biskos et al. (2006b) of 
the ERH and DRH of (NH4)2SO4 nanoparticles (6-
60nm) indicated that neither of these values 
depended on particle size. Hämeri et al. (2000) also 
observed no nanosize effect on the DRH of 
(NH4)2SO4 nanoparticles (8-50nm) in their 
measurements. So the experimental studies of the 
DRH and ERH of (NH4)2SO4 nanoparticles do not 
currently agree with theory. 
 Here we report high RH resolution HTDMA 
measurements of (NH4)2SO4 nanoparticles (20-
130nm) that verify the Kelvin effect will influence 
the ERH of these nanoparticles. The accuracy of our 
system has been verified by numerous measurements 
of the hygroscopic properties of (NH4)2SO4 and NaCl 
particles. During our efflorescence experiments a 
growth factor measurement was taken for every 0.3% 
decrease in RH. (NH4)2SO4 particles were generated 
by atomisation of ammonium sulphate solution. 
Measurements were repeated, on average, 4 times for 
each particle size sometimes on separate days using 
separate solutions; they are shown in Figure 1 
alongside the theoretical predictions of Gao et a.l 
(2006) and the measurements of Biskos et al. 
(2006b).  
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Figure 1: Dependence of ERH on (NH4)2SO4 particle size. 
Whiskers on the data points from this study indicate ±1 std. 
of all measurements taken at that particle size. Triangles 
are measurements of Biskos et al. (2006b) and the line is 
the theoretical prediction of Gao et al. (2006). 
 
Similar to the theoretical predictions we have 
observed a minimum in the ERH, although our 
measurements show a minimum at 60nm while the 
theory predicts a minimum at 30nm. Discussion on 
the possible discrepancy with the theory will be 
presented.  
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